Introduction 27
The Fukushima Daiichi Nuclear Power Plant (NPP) Accident, which was caused by the combined 28 effect of the great earthquake and subsequent tsunami in March 2011, resulted in increased levels 29 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-133 Manuscript under review for journal Biogeosciences Discussion started: 8 May 2018 c Author(s) 2018. CC BY 4.0 License.
Cs, 92
110m Ag, 226 Ra and 238 U in the samples were used as dose calculation input. The maximum tissue 93 activity concentrations were used for a more conservative result. As O. bartrami are migratory, 94 their radionuclide tissue levels represent an integrated accumulation from recently traversed 95
areas in the open ocean area. The exact migratory routes are not known. Therefore, the external 96 dose rates to the squid were calculated using the average of water radioactivity levels in the 97 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-133 Manuscript under review for journal Biogeosciences Discussion started: 8 May 2018 c Author(s) 2018. CC BY 4.0 License.
yr-1) to obtain committed effective doses to the consumer. In this study, the annual intake rate of 110 seafood by an adult consumer is assumed to be 20 kg yr -1 (consistent with world per capita fish and 111 related seafood consumption (FAO, 2016). As a conservative assumption, the entire 20 kg yr -1 for a 112 hypothetical consumer is assumed to be sourced from the squid of the study area east of the 113 Fukushima Daiichi NPP (in practice, only a small percentage of seafood diet would be sourced from 114 this region). As most dose to human consumers of seafood typically comes from the natural 115 radionuclide Po-210 (~89%; (Johansen et al., 2015) ), the seafood ingestion dose rates here included
Whole-body concentration ratios 118
The water-to-organism whole-body Concentration Ratio CRWB (in L/kg) used here is defined as: 119
The whole-body activity of an radionuclide was estimated using a mass balance approach 121 (Yankovich et al., 2010) to reconstruct the amount of radionuclide in the whole-body of the squid. 122
The whole-body to tissue concentration ratio (dimensionless) was estimated as: 123
Biogeosciences Discuss. Most of non-human biota radiation dose assessing models focus on estimation of dose rates 189 using the whole-body activity concentrations of radionuclides (Brown et al., 2008; DOE, 2004) . 190
However, muscle tissue (vs. whole-body) is measured in most monitoring programs which 191 typically focus on seafood tissues consumed by humans. Therefore, there exists a need for 192 whole-body:tissue concentration ratios that allow for estimation of whole-body concentrations 193 from commonly measured tissue data (Yankovich et al., 2010) . 194
The whole-body:muscle and whole-body:gut concentration ratios for radionuclides in squid 195 samples are listed in Table 2 . For many radionuclides, the tissue-specific concentration values 196 for the small squids tend to be higher than those for large squids. The uncertainty of the whole- 
Dose assessment results 210

Dose rates for squid 211
The internal radiological dose rates to squid from artificial radionuclides ( 110m Ag, 134 Cs and 137 Cs) 212
were collectively much higher than the external dose rates (Fig. 4) . This is consistent with the 213 observed accumulation of radionuclides inside the squid body as compared with that in the 214 surrounding seawater. The internal dose rates from FDNPP-associated artificial radionuclides were 215 lower, by two orders of magnitude, than those from the natural radionuclides measured in this study. Table 3 . Ingestion dose estimates to human consumers of the squid in this study (Sv y -1 based on 250 20 kg consumption of study squid). 251 minimum median maximum % this study*
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